BD TAG EE AE DK VE SE IS a AB A 
SEIN AT IE SE 


IRA! LS” BEE, eI! KR! 


CL. AAA AES LABS BE 832003 AIF; 
2. BEES AT ey AU EE DK ET He BEB TEE ar E 832003 GMT) 


H EARRA AY RY AS KILKAS HA ECC (engineered cementitious composite ) 19 

Da a ECC 4) #4h ZER TRG, Ai RY, a 

ECC ÈM 7 FEANEN RR oh ET 5 AR ARTH eR By ECC RE 

X hh E a PE o. ERRIN EA AA Ere F , ZAE VA RADR ECC, ARE 

Rta R 5 Ha AP AY al ECC H , y RA ECC P HARDA i A RA EY 

SIH RIERA; ARA ECC $h k ERRAR TA REM a e ER 
EWKRARAX A E GEA N-A RA h RRA BRAA ER SBF 

Kid: ARAL VBR; KERALA A MA; RRM; A-w ER 

HASE :TU528 XARA: A 


Experimental study on size effect of fiber engineered 
cementitious composites prepared entirely 
by desert sand subjected to uniaxial compression 


ZHANG Duo' ,XIA Duotian'” ,CHENG Jianjun'* , SHENG Zhaoliang' , ZHOU Changle' 


(1. College of Water Conservancy & Architectural Engineering ,Shihezi University ,832003 Shihezi, China; 
2. Laboratory of Earthquake Resistant Energy-saving Technology for High-intensity Cold Regions 
of Xinjiang Production and Construction Corps ,832003 Shihezi , China) 


Abstract;In order to explore the feasibility of using desert sand entirely to prepare engineered cementi- 
tious composites (ECCs) in Xinjiang region, and study the uniaxial compression size effect of ECCs which 
are prepared entirely from desert sand,on the basis of analyzing and comparing the macroscopic mechani- 
cal properties and microstructure of ECCs prepared by three aggregates (i. e. , desert sand, quartz sand, 
and river sand) ,the uniaxial compression tests of five groups of desert sand ECC specimens with different 
sizes were carried out. The results show that at the same ratio of materials, the ECCs prepared entirely by 


using desert sand have compressive, tensile, and flexural strength similar to that of the ECC prepared by 
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the other two kinds of sand, in desert sand ECCs , fewer attachments and relatively complete morphology of 


fiber surface are beneficial to its bridging effect;the uniaxial compression properties of ECC prepared en- 


tirely by using desert sand have size effect;the expression of the relation between height-thickness ratio 


and compressive strength, and the stress-strain full curve model with different height-thickness ratio are in 


good agreement with the test results. 


Key words; fibre reinforced concrete ; desert sand ; engineered cementitious composite ; microstructure ; size 


effect ; stress-strain curve 


TEKI R FH BI ( engineered cementitious 
composite, ECC) &— ft FLA fry ah EE. By HE VE S FE 
fE ES DUAR DAS A BE fE H 5 E VELT IE 
E, FB A ey TE LP HEE), EKR 
Ty ih APE. 

WERE ECC HEZAKE OF Ia, FEE 
AECC RERA MHK R HARDA RE 5 53 — J 
HANE A SEW BY TD , IG E E 
aer e 

EEN. Be EE DUAL Hh De ewe YE WE BO 
MR LU Ti] BL, ELAR, Re PH TA Vb 
BRA Hew AUPE DD i HELE AK VE ESE AD BLY 
SBK TIA RDU REINA BCC H 
ERLE BRIE HUBER ; WUD BB APE CIT W A A 
ECO PAIPEIR S Fe ECC HA Ahh FRE BE 
HUER, (E-570 ECC H eA hpi FR BH BE AL BE 
AE, 5A Bw ECC MH TaD ECC HIPER E 
EAIN ECC ASTER SRE A MARS , mT 
BFA PARE ACTOR IE Vb LD ECC BARTI 
ECC (Hi FAB ECC”! 

Ov WE BE EA EE NY EA RPE, ROF i E E 
1925 AES TE AO TE OR APO RS Bi 
PRL RF EERE RE REE RE 
Ae TEA JLT R F RETER 
HF ECC 5 YR MEL EBL AKTERE 
AE LAKRA AREER TA 
MEETA AVI, GREW] ECC HHE HERE 
TERTA AS IE EE EPEC RE 
ETDS WS BEAT HH SL AU Be I EL RTE I A 
PE AB Ge SR aR CR ae a eee ; J EL aa 
K WEBER By Be 5 JE E J MEDY Td Be fA 
BRI) 5 SPRL EG IRAE 1 apt, EA EER E A 
KAAKE ST ASR ERT RR PB, BEBE 
PUER, (A_EGR ER PR EE EE 
EEMO Ail SY ECC MRL, TF eV a 


Fr fy ECC ABSTAIN TRUER A FLEE 

FEF EREE , APSE CE Fe En E, 
FO RIAD AR WB yey ill 4A ECC hY 
Te IWF PE BE Be SE OU E EIT EL BEE SE, SR E 
AWRATE iD ECC fy SRR PRICE AS 
WIE cE T WEW ECC WARE, AE Wa 
ECC ETP fy De ABE HE SH 


1 inSain 


1.1 RRMA RECS te 


AB) FE 2 E E KB EIR BY. AP 
HE BOY AK FA AE. ER RUE Bi ae A Td FT 
EZ ICA BR ZS IY P + O 42.5 Ae BEI EMRE IK YE ; 
ZEAE AE O R Z HME (polyvinyl alcohol, PVA) 4F4E, 
FL GHOULIE SL LPT 1, FE BESS LEO, 


AARP VA ZF HE 


Bll PVA RAR BHE 
Fig. 1 SEM image of PVA fiber 
BD AT SEE a M T T RETA A BR OEE ZS] BY 
1 BORGIR 5 BE BA Br at Tel T E BE EM A BR ZS 
HITED 5 WIRED JI oii Sd Sik ED Gey AN DD ELE BE A, 
AY Be eft LE 2” A ALT 
MPRE m, PWD AY Oi oP TE SL SCR ]; AY FE 
SY EBLE SL BCD A Aa W FAAS St E rA 5 Wale ZI FA A A 
Tey FM IP YOM AY A RRRA BO IC FA. AUR 


TUB te EE FEL Ze 3 


#1 PVA HEHEH 
Tab. 1 The main parameters of PVA fiber 
oe WE — RRE/ WHERE H KJE 
Z7 (g+ cm7?) MPa GPa um mm 
PVA 1.3 1 700 39 31 12 
R2 WRUESCSRAISSS 
Tab.2 The main chemical composition and content of desert sand 
Wó SiO, ALO, NaO CaO K,O FeO, MgO 
E/P% 67.10 17.90 4.94 4.22 3.48 1.35 0.843 
R3 WES te 
Tab.3 The mix ratio of test 
bt ADE WR WEIR PVA ZEAE k UK Fil 
223.46 670.37 558.64 26 296.84 8.25 
(ksam =) 


tO 
168 RAES Eit 
Ope eT EE UL 4, RRIEK RERE 


FERIE tll BE OL SCHR 17 ] RD SE WU EAT JI EE 
HERO MIX o 


N #4 RFRTHER 
tabs Specimen size and quantity 
> WAAN R sf/mm REES 
3 Ype PUEI 100 x 100 x100 9 
w HLA 260 x60 x 13 9 
‘= Herik 40 x 40 x 160 9 
Pa ie ae SEJTIK 70.7 x70.7 x70.7 6 
© 
100 x 100 x 100 9 
Behe 150 x 150 x 150 6 
100 x 100 x 300 9 
100 x 100 x 400 9 


TE: a2 77 AF 100 mm x 100 mm x 100 mm Fy iE BE EE SE AY 
axa SAS E JE LET BY E 
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1.3 WEHA 


AE ORBEA EERE kM 
Ry SEF Tak PA FA RHEA E tet JB E Be HY E 
H, ORS EAP 6 SERS BOR , DA Bf ae WE 
{EL tar 2, PA Ja OT AR FS 3 MERETE J-E E h 
ZAMS, HEKERE FE JT A BY 
BRAT REIR., EREE AN 0.2 mm/min , H 
TRRERR N, AS AE ER AEE EO BY De 
JIE DEZE , ERK AN ae L A ERE BY tar 2 BR AR 
HS S E TARE Ak AF BS) EJI RE AA ALB K B 
FEER AIF AY T BEE D AF BY Fs rR, FEA AXE 
WIZE ie FD - oe RER” o BH CHR 21] ot 
1S, F 70.7 mm AY SATS AAP AON TARE, Bi 
WIEPIE SE TTT EE , DA PR WELE 52 E R I ri 
RIEME, XT ERUR Stas. FY SS BL 
ELAS SS AE SC Ps BRIE, ee BON He UE AY, D A Wl 
FAME HAAG AS Ta LA — ee TSE APE J 
WARME 2 IRo 


2 WMR eA 
Fig.2 Specimen loading diagram 
RS ABM AT HS AS Si ES PS A MT Le (i mm) 


Tab.5 The displacement obtained by the testing machine is compared with the actual deformation of the specimen (unit:mm) 


l l l FE BE Ae RIE 
RAR WEDHI PHRA ENE 
1 2 3 1 2 
70.7 1 20 50.74 51.09 51.27 19.96 19.61 19.41 19.67 
2 51.29 51.03 51.01 19.41 19.67 19.69 19.59 
3 50.37 50.50 50.31 20. 33 20.20 20.39 20.31 
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2.1 3 FHRA EKI ECC WASHERS RMA 


2.1.1 3 4p] Hoy ECC hh 7 FE AE 
3 PIWRA AY ECC H Jy SE PE AE ik I 2 AR UL K 
6. HAITAT 3 Ph ECC HY 77 ERE, RHE Z K 
AHRR ETP OT Sa AR AL 3 HZR o 
RO 3 MPM ECC MASH RIE AR 
Tab.6 Mechanical properties test results of ECC prepared 
by three types of sand 


BM 

Com PA TAME WES ER 
> j AES MPa MPa AR 
ute DSEY 3 PUE 42.11 1.17 0.028 
CA DSEL 3 i 5.48 0.36 0.065 
O DSEZ 3 Hide 11.62 0.48 0.041 
Hab QSEY 3 HEE 43.80 0.96 0.022 
eo QSEL 3 cf 3.91 0.07 0.017 
© QSEZ 3 Hide 10.23 0.59 0.058 
nf? RSEY 3 EJE 48.47 1.10 0.023 
© RSEL 3 Hie 3.67 0.18 0.048 
N RSEZ 3 iid 12.68 0.49 0.039 


ji ALS DSE, QSE RSE 4AE WEE ECC, HERP ECC Yl 
WECO; Y L Z S MAK DEIE etic DETRE, BY DSEY KRUH 
EECHER. 

EAE 3 TUAR 3 PWR ECC WIREK 
NIUE SY SN PERRE, WLW > AEW > MW; 
PURRE, aD > ARW > W RW ; HPT RE, Tal 
W > Wik > Ave. BRAWE ECC Hpi As oi 
BE AUCH HE HT EC ft PRE Hl HAY ECC SCAR 
SH DBE UVC SPE A AAR, 16 H Ah tt ti oh BE OP ft 
BAH ECC FS Le tt PCIE VA AS Nee FO AS IR 


aXiy 


WEW 


WEH 5s 


aS 
=A S 


) WER GEE AE / swe 
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(a) DSEZ E fi B 
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(b) QSEZE R 
4 3 PERAE ECC HONEEI 
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BEK BASAL ERLEES TAAT A] WD A Wc BLE BA, 
ECC PAE IE WM RAAI AR a ATR RER ARAR , EET 
SDF Sey BN , AA ZAR BCE, , BCFA aH 
HEH , Bic Be BVT HR EK 5 X FARE E 
PRAIA AC BLE , 7b UIE Aid BOL BG RB BE A HAH 
Werte om ECC At sie BE EREA AY Be FA AT ESRR AF 
AE AS TALE WBN, A T BI BS AE EA?) BL 
ÞEIR FIE ECC; XI FURE , HRE Oy IB) 
E LE AE EFS RRA ARR ea 
BHU BEC BY) EE RERA T IIS IR E CRK 
WRIKKEN 3 RF SCHL 23 J for Be HAY Be (EL 1.41) 
EN ECC RARE KWIRO” EA 
FTG JE Sin] > ECC MAR ECC Hpi R BE 
FAC BUR. AHR 3 BAR PT HBL AS IE TR) Se 
EPEE 3 PIW rH AY ECC A A AEPERE, BYE yb 
AD CH a Pa ll ECC fe EE AT FT AY 


PUE SH//MPa 
60 


—O— pith —O— Ab A jn 
AL3 3 PRERIJI AVEREA AI 
Fig.3 Radar chart of mechanical properties 


of three types of sand 
2.1.2 3 FEAH ECC 04 HAULS AQ DO 
Aydt — 2 FE 3 PW Frail 4 HY ECC Fy HERE 
ZE SE ALEE , Xb DEIT A Sr BS Tak BEET H FL 
FEUR, RE 4 ras. 


i WERKA: 


PVALTHE A 


[x900 20 um 


(c) RSEZ E fi B 


08/JUN/19 


08/JUN/19 


Fig.4 The microtopography of ECC prepared by three types of sand 


SAE 4 BY AM, X FEA ERS TT AY By Te > ECC 
RÍ, HERE ECC, if ew ECC Be >; REF 
AEA I , VRR ECC FIWE) ECC PAF AE BE 
A, REA EMAS E KEE, tt a BED ECC P hy 
ERMENE, H ZZ IR, PL 
HETANA AY Al: A BEAD ECC ZF AE Be Tal E A 
D WN TF AES EAN NB) FE RIT HES 
FRORA J D, Vd SS LES AE ae h ak EE 
Be TT SC BN) I Bc ES ELF BLA EYE A EL 
Te BA HA EAC UT VE RES 2 Te WD ECC Hh 
HE SREP AE ZEN WAL et WHE ELT REX) E YI Jl 
oY ECC Fe en BZ i BE MO] AG Ss, Dee] Ep ELS At Ae TAT 
BON TEE, AF AEB BOI SH ORE , eA HD 
THERE Es Wi ECC HP E Ae Ze ted BAL ae Dy BED , 
— Fe PEE ERR T A TERA J , Te] NP AE Ae TA 
Tait HIRIE , Be AR HT MERE eh FERMA IA 
Sed TIE, MOAT IFAG BLS A PERERA , E 
ERO HHA EAD FFG HE TY hla ECC HÍT. 


2625 WHE ECC MEARTAL 


DET 2.1 PRR R , EERE h ECC 
FEARR, ERTA ER FEIRET SE PERE TRE, 
5 BG RAT Fo E ITRI T AB 
Se 5(a).5(b) Pran:2 PAS EJER ERT KISE 
ee E RAIA 


MA Ee BE eA D EIR , TT A PS LLY DE I BL 
BOTA RERIT RIHI. ELBE A 
HR TIA at REI, POW CL BE 
SEA BIT : LWT IR ERT RHE, 
HERBAS BR SUSE rN ay a eB DLR AK, BEL HE 
EEG, BUET EERE LO” AD TR ER oh 
BK BRE AL eb ist EP E H “RREZ” RR H 
GL, SBR CBRE EO 

QUE 5(b) ~5(d) Stas: SELL BW 1, 
3 4 WYRE, ERES LAERE, EREE 
IMAT, ERREA EREA, E, 
Beaks ERARA. REA 1 A 
JA BEE SEE IM, ERA SEHEM h 
HJE a A. ATOL AEE H F eE 
EL AS Ae AEREE EH“ RERU” WE, TTT LIE 
SUPRA eH T AE Sak AE HB He EY iy A BE IR 
AUS RAYE ECC Sat EMER ZLE IZ jh] E 
AZINE ETI 
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(b) h/t-1-2 


(c) A/t-3 (d) h/t-4 
SUF RNIB AS 
Fig.5 The failure form of specimens 
2.2.2 Bi RP Fo By FE RP HK AL WY ah oI 
WIRE ECC WFE fh E Ae tak Bi gi EH R Ze 
7 PRL 6 J A aie JE BG A TEIN YT EE ECE ET E 
RI APIE E GB ih eR 


Tab.7 Results of cube and prism compressive strength test 


W HE ee, i 
Rof/mm a A RE oa 
I MPa i ica 


70.7 x70.7 x70.7 h/t-1-1 6 44.67 1.64 0.037 
100 x 100 x 100 h/t-1-2 6 43.28 1.45 0.034 
150 x 150 x 150 h/t-1-3 6 39.55 1.44 0.036 
100 x 100 x 300 h/t-3 6 35.99 1.25 0.035 
100 x 100 x 400 h/t4 6 34.70 2.41 0.069 


TE HP h/t H es JEL, PS A JE KC), 
SBP NALS BI h/t-1-1 RREFEN 1 R 1 2h /t-3 R SE 
EX 3 WJH 
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ME 6 UUA H : BE IR PS Wa 
ECC x2 77 PS AN Sit IR BESS iT ER, SB > ECC 2 
WAWU 5 Ba EE LEAK, vb eb ECC it fH 
Sy As GHB EE E A TBA AER BS BS 1 es (4 Ty JE LL 
KF | Jey, Gr A E LE j, Vb ee) ECC isk oR 
FE RAE (ER IA E A aT a), 45 BEG A ECC Ay 45 ve — 
BCP SE LIEW 2 REE, 
a EHS PR EAB E — Fy TT FAL A YD 
HO HEERE AE EAE DD], UIRE AT DA SE af Re De ee op 
BAYA AC , HIM T KERER E RSK E BUS 
HJE EXTIR ECC Ber Ait Fs E E I Onl 5 55 — 
Fy Wen Tee BE LAY IE HE OT F a E Eg oR BE TA YE AA 
ARAN i ECC RAE HE! , ROE 
EA Ca RE Fm EE ANT, 


50 o Aft-1-1 


O Ajt-1-2 
A -1-3 
As h/t-1 
v Alt-3 
© hit-4 
40 Whey ee 
© 
v 
y © 
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0 1 2 3 4 5 
mE E 
PO Se BE BAG TAIN YE ECE He eE 


Fig.6 Comparison of strength with section sizes 


and height-thickness ratios 
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H origin XL AS fE] Fy JE EG aE O i Yr CHE 4 AU 
BAM AEB TL tee LE GRE ZN GAR UA HZ 
QUAL 6 TAN , RIRN 

o =49.27 -6.78(h/t) +0.78(h/t)> (4) 
WP 0 Ai Pit AB RE h/t Ai ra o 

ME 6 FY LA Ae E : WE Hh he Sp i CE) BE 
He, ULAR C1) BY PA FR ek TJ LE Ss ECC 
HERRER. 

2.2.3 RE BRAS N-A RAH R, 

AS E E FRE KS J PE He 8 ERUR 8 Ar 

ZR , EXTR -DZE R AN 7 TAR o 
R8 TAARE FIERE ER 
Tab.8 Mechanical properties indexes of different 


height-thickness ratio specimens 


mee E gai gE 


Rf/mm 25 žE WE ME MN 

A~ GPa % MPa 
100 x 100 x 100 h/t-1-2 3 7.10 0.934 42.04 
100 x 100 x 300 h/t-3 3 19.57 0.411 35.43 
100 x 100 x 400 h/t4 3 19.39 0.349 34. 36 


WÈ Fe TRIS Hy BEZEL IR AR SP ES 

AE 8 ASRS AT LA h : BS fray EF LEASE, vb 
HAS ECC iar SUE ae et ee SEH A J RD WEE LL E 
VA He We LN JI E ZT Be ERY AR 1G AY 5 (EL 4 et JE E 
KF 1 Ja, wih ECC ihe A) EIR JIVE BETH ho BE 
AE Ws BESET I) o 


2 
R 20 
2j 
of 0 oF 
0.0 05 10 15 20 2.5 30 35 4.0 00 05 10 15 20 25 30 35 0.0 0.5 1.0 1.5 2.0 2.5 
M/A% RÆ% DAR /% 
(a) h/t-1-2 (b) A/t-3 (c) h/t-4 


K7 KAREE FIE ECC F AEA- RE 


Fig.7 Uniaxial compression stress-strain curves of desert sand ECC specimens with different height-thickness ratio 


ARLE IM, Ty -EE REAR ZR ACH Tia OL, 
FE ASS SCHR 13,15 ] J-M HG, a tk 
Wy ECC AY Rage eat Ay LR 4 SP Be SHEE BT 
BC ARNE ACT BT ES RIER ED VRB EC AAS AK AE BT 
Be HPI LE BRAS ET BOLE BO — TE BT 
FARERETS, RAA — 2 BY 
BRASH IE. HE — 2G pr es JS EE Xo E (EE ir EY 


Me], Zoh HH ay JE EG Sj UE ie 8 BK) OR AR, WO 8 
FITAR o 
Ta Je EC Sj UAE PL BE AE AR SK LK (2) o 


-—0. 26h/t +1. 20 h/t<3 
€, =4 -0.06h/t+0.60 3 <h/t<4 (2) 
0. 36 h/t >4 


AP en ATWELL IE 


o RAME 


WEW 


oo 


a 


WE AB EAR /% 
© 


“0 1 2 3 4 5 
m E 
PA 8 KEME AER AB hA 
Fig.8 The relation curve between peak strain 
and height-thickness ratios 
IRIRE FT AS BY Ji 5 - ie BE R, BS TE 

BEE ASCHK | 1S | HPA SORA Het T 4 Besley 
TRAD ECC pe BEAR SZ Hs i J-E Se Hh Ze A, UT] 9 
IER A TERI HI -TALABREIATE LK (3) ~ (6) HR 
LOOA Ex:0 =0,, x1.44 xe, e<0.6e, (3) 


"AB Ft :0 =a, (0.3 +1.38, -0. 622) 


EÁ 0. 6¢e,, < é < Em (4) 
SBC Bt:o =o,,[ - (0.85 -y)e, + (1.85 -y)] 
En <é€S2. 23¢,, (5) 


D 


WCD B: o = yon 2.2328, <E (6) 
HEB: o WHA; 8, = e/e, ,6,F%30(2) BUA; 
VRSE EAS RAR IE HY On FR, BURIL) o 

0. 45 -0.5( h/t) h/t<3 
y =| (7) 
0.3 h/t >3 


aerate =| 


1 
I 
' 
' 
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1 
1 
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WAR /% 
EO MJE SR 
Fig.9 The stress-strain full curve model 
SAP 7 TUA ERWI E h YAS To] pea e F 
Ii FY - ie E Hh RER AI E RE T NLT -ME E h R 
Uy BEE RDE FA ENES EH KDR ECC, 


3 4 £ 
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SOULE FA AY ERRADA , LIK EWRR ECC ef ah xe E 
RPO AIRE , FREI PF ESE 

1) RIAA RW iA KE PE ZK VE SEM EH T o 
KAREWA ECC, HOPPERE EA 5 EAD TAT 
WAAHI ECC , SiR oR RE GCI TREK o 

2) www ECC ZF 2fe de Ta N E Wy Be > ALF AE 
Sb IE Se TEE A PAE IES A PFE KE H 
WEE 

3) UEM ECC IFZ FR BSR SE EE PERE 5 I 
Ti PATA TRR , WEINE UY E , RAE BE 
T AJE LEB , WEIR EAE a EA 
Ye fA) 

4) XT IN AEE EEK, Es Ee BI RD 
ECC pikit RE AY BEAR; 4 RIL A 1 Wa, LL 
XP VD EAD ECC Bere AST FR E BE A Mn IZ Ta) ; HE 
HEE) JE EG oc Hs eR EY OG A ea oh Sik mh RI 
ABEL. 

5) FELLA, , RAR TR BE BIR, A eK ARF 1 
DIJE , RAR HER LE BE AS AF E; HE HH BY Ine I-A > A BE 
EA FY VF FH GBS AS Td TER LB Ze We ECC H 
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